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Angiographic Predictors of
6-Month Patency of Bypass Grafts
Implanted to the Right Coronary Artery
A Prospective Randomized Comparison
of Gastroepiploic Artery and Saphenous Vein Grafts
David Glineur, MD, William D’hoore, MD, PHD, Gebrine El Khoury, MD, Sixte Sondji, MD,
Gregory Kalscheuer, MD, Jean-Christophe Funken, MD, Jean Rubay, MD, PHD, Alain Poncelet, MD,
Parla Astarci, MD, Robert Verhelst, MD, Philippe Noirhomme, MD, Claude Hanet, MD, PHD
Brussels, Belgium
Objectives The purpose of this study was to define the pre-operative angiographic variables that could influence graft pa-
tency and flow pattern.
Background Saphenous vein grafts (SVG) and pedicled right gastroepiploic artery (RGEA) grafts are routinely used to revascu-
larize the right coronary artery (RCA). Little is known about the predictive value of objective pre-operative angio-
graphic parameters on the 6-month graft patency and on the interest of these parameters to select the optimal
graft material in individual cases.
Methods We prospectively enrolled 172 consecutive patient candidates for coronary revascularization. Revascularization
of the RCA was randomly performed with SVG in 82 patients or with the RGEA in 90 patients. Both groups were
comparable with respect to all pre-operative continuous and discrete variable and risk factors. All patients un-
derwent a systematic angiographic control 6 months after surgery. Pre-operative angiographic parameters in-
cluded minimal lumen diameter (MLD), percent stenosis and reference diameter of the RCA measured by quan-
titative angiography (CAAS II system, Pie Medical, Maastricht, the Netherlands), location of the stenosis, run off
of the RCA, and regional wall motion of the revascularized territory.
Results A significant difference in the distribution of flow patterns was observed between SVG and RGEA. In multivariate
analysis, graft-dependent flow pattern was significantly associated with both MLD and percent stenosis of the RCA in
the RGEA group but with percent stenosis only in the SVG group. In the RGEA group, the proportion of patent grafts
was higher when MLD was below a threshold value lying in the third MLD quartile (0.77 to 1.40 mm).
Conclusions Pre-operative angiography predicts graft patency in RGEA, whereas the flow pattern in SVG is significantly less
influenced by quantitative angiographic parameters. (J Am Coll Cardiol 2008;51:120–5) © 2008 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.09.030c
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che choice of the ideal bypass conduit for each diseased
oronary vessel remains a subject of intense controversy. For
he left coronary system, bilateral internal thoracic arteries
ave clearly demonstrated their superiority over all other
ypes of grafts (either venous or arterial) in terms of patency,
reedom from arteriosclerosis, and survival benefit (1,2).
onduits considered acceptable to revascularize the right
rom the Department of Cardiovascular Medicine and Surgery, University of
ouvain Medical School, Brussels, Belgium. This study was supported by grant no.
.4600.04 from the Fonds de la Recherche Scientifique Médicale, Brussels, Belgium.b
Manuscript received February 12, 2007; revised manuscript received September 17,
007, accepted September 17, 2007.oronary artery (RCA) system include the right gastroepi-
loic artery (RGEA) (3), the right internal thoracic artery
RITA) in situ or used in a Y graft configuration (4), the
ree radial artery (RA) implanted into the aorta or into the
eft internal thoracic artery (5), and the saphenous vein graft
SVG) (6).
See page 126
The influence of the type of conduit implanted to the
CA system on clinical results remains unclear, and the
omplementary conduit of choice for this system has yet to
e determined. No superior patency rate for any of these
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January 15, 2008:120–5 Angiographic Predictors of Graft Patencyrafts to the RCA has been clearly established (7). The
atency results of the RITA on the RCA have been
eported lower than those obtained when used for the left
oronary system (8). One evaluation of the SVG to the
CA territory revealed surprisingly good clinical and an-
iographic results after long-term follow-up (6). The pa-
ency rates of RA and RGEA are highly dependent on the
egree of stenosis of the native vessel, and their use remains
imited because of its association with a high risk of graft
ailure, owing to competitive flow (9,10). The flow capacity
f the RGEA under maximal stress conditions has also been
uestioned (11).
Because of these recent studies, debating the potential
enefit of an arterial graft to revascularize the RCA, we
rospectively randomized 2 types of graft, the RGEA and
he SVG, which are routinely used in our department, and
nalyzed the predictive value of objective pre-operative
oronary angiographic parameters on 6-month graft
atency.
ethods
atients. From April 2003 to July 2006, 1,297 consecutive
atients underwent isolated bypass surgery in our institu-
ion. Of this group, 360 patients met the entrance criteria
or randomization (Table 1) and 236 patients were actually
andomized. Among those 236 patients, 172 had a pre-
perative angiogram suitable for biplane quantitative angio-
raphic analysis and are the subject of the present study.
ight coronary artery grafting was performed with an
GEA in 90 patients and with an SVG in 82. Four patients
nitially allocated to the SVG group were excluded for
rotocol deviation; in these cases, the surgeon decided to
eviate from the assigned revascularization strategy in favor
f the RGEA group (Fig. 1). Patients’ basal demographic
nd clinical characteristics are shown in Table 2. The
GEA and the SVG were harvested and grafted as previ-
usly described (12,13). The RGEA diameter was measured
re-operatively with a 1.5-mm probe. The RCA was
nclusion and Exclusion Criteria
Table 1 Inclusion and Exclusion Criteria
Inclusion Criteria Exclusion Criteria
Angiographic evidence of severe
(70% by visual estimate) coronary
obstruction on the RCA territory
History of upper abdominal surgery
Elective procedure History of upper gastrointestinal
bleeding, active gastric or
duodenal ulcus
Isolated CABG Body mass index 35 kg/m2
Age 75 yrs and life expectancy 5 yrs Redo surgery
Pre-operative lumen diameter of the
RGEA 1.5 mm
Cirrhosis
Other configuration than RGEA to
PDA or SVG to PDA or PLA
ABG  coronary artery bypass grafting; PDA  posterior descending coronary artery; PLA 
osterolateral branch of the right coronary artery; RCA  right coronary artery; RGEA  right
astroepiploic artery; SVG  saphenous vein graft.ystematically grafted distally to the bifurcation either onhe posterior descending artery
PDA) or on the posterolateral
ranch (PLA) in order to revas-
ularize the RCA distal terri-
ory with a single graft. All
atients underwent a systematic
ngiographic control between
he 6 to 8 months after coro-
ary artery bypass grafting. The
tudy protocol was approved by
he ethics committee of our in-
titution. All patients gave in-
ormed consent at the time of
ypass surgery and before the
ngiographic investigations.
ata analysis. Pre-operative
ngiograms were analyzed with
he CAAS II system (Pie Medi-
al, Maastricht, the Netherlands)
s previously described (14). The minimal lumen diameter
MLD), percent diameter stenosis (%), and reference diam-
ter of the native RCA were measured in 2 near orthogonal
Abbreviations
and Acronyms
MLD  minimum lumen
diameter
PDA  posterior
descending artery
PLA  posterior lateral
artery
RA  radial artery
RCA  right coronary
artery
RGEA  right
gastroepiploic artery
RITA  right internal
thoracic artery
SVG  saphenous vein
graft
Figure 1 Consort Flow Chart of the Study
CABG  coronary artery bypass grafting; QCA  quantitative coronary
angiography; RGEA  right gastroepiploic artery; SVG  saphenous vein graft.
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Angiographic Predictors of Graft Patency January 15, 2008:120–5rojections, and the mean value of these measurements was
onsidered for statistical analyses.
All pre- and post-operative angiograms were indepen-
ently reviewed by 2 investigators and discrepancies in
atency scores were reviewed by a third investigator and
esolved by consensus. All investigators were blinded to the
xperimental conditions. Graft patency is scored as 0 for an
ccluded graft, 1 when the flow from the native coronary
rtery is dominant, 2 when flow supply from the native
oronary and from the graft is balanced, 3 when the native
oronary is fully opacified by the graft, and 4 when the
ative coronary is fully opacified by the graft only (occluded
r suboccluded coronary native vessel). A graft was consid-
red “not functional” for patency scores of 0 to 2 and
functional” for patency scores of 3 or 4. The regional wall
otion of the inferior wall was defined as normal, hypoki-
etic, or akinetic on the pre-operative angiogram or echo-
ardiogram. The run off was graded according to the extent
f the coronary territory beyond the stenosis on the diag-
ostic angiogram: incomplete when only 1 branch, either
osterior descending or posterolateral and complete when
he postero-descending and the posterolateral territory were
ubject to revascularization.
tatistical analysis. Data are expressed as mean  1
tandard deviation. To compare the pre-operative charac-
eristics of experimental and control groups, chi-square and
tests were used for categorical and continuous variables,
espectively (Table 2). To study the relationships between
LD, percent stenosis, and graft function, variables MLD
nd percent stenosis were transformed into 4° ordinal
ariables on the basis of the approximate quartiles of their
espective distributions. Recoding was justified here by the
asal Demographic, Clinical Characteristics,nd Pre-operative RCA Stenosis Characteri tics
Table 2 Basal Demographic, Clinical Characteristics,and Pre-operative RCA Stenosis Characteristics
RGEA (n  90) SVG (n  82) p Value
Male 80 75 0.75
Mean age (yrs) 61.9 8.3 63.1 7.7 0.55
Hypertension 82 76 0.58
Smokers 61 45 0.11
Diabetic 27 24 0.95
High cholesterol 82 71 0.48
Previous infarction 37 40 0.39
Obesity 52 50 0.78
Peripheral vascular disease 11 15 0.37
Mean Euroscore (additive) 2.5 1.9 (2.1) 2.8 2.0 (2.6) 0.19
Left ejection fraction 30% 5 1 0.25
RCA stenosis
Mean MLD (mm) 0.81 0.78 0.81 0.85 0.92
Median MLD (mm) 0.80 0.72 0.36
MLD interquartile range 1.32 1.50
Mean % stenosis 71.3 25.5 71.1 27.2 0.96
Median % stenosis 65.0 67.0 0.71
% stenosis interquartile
range
48.0 52.0
LD  minimum lumen diameter; other abbreviations as in Table 1.xtreme skewness of data distribution. For MLD, bound-
cries were 0 mm (first quartile), 0.77 mm (median), and
.40 mm (third quartile), resulting in a 4° MLD with values
, 1, 2, and 3 corresponding to 0, 0.01 to 0.76, 0.77 to 1.40,
nd 1.40 mm, respectively. For percent stenosis, bound-
ries were 48% (first quartile), 65% (median), and 100%
third quartile), resulting in a 4° percent stenosis with values
 0% to 48%, 1  48% to 65%, 2  65% to 100%,
nd 3  100%.
Mantel-Haenszel chi-square test was used to test the
ssociations between graft function and type of graft, 4°
LD, and 4° percent stenosis. Multiple logistic regression
odeling was then performed to obtain a parsimonious,
linically sound model.
All p values are 2-tailed. A p value 0.05 was considered
ignificant. SAS software (version 9.1, SAS Institute Inc.,
ary, North Carolina) was used to perform the statistical
nalysis.
esults
re-operative characteristics of the RCA lesion are shown
n Table 2. At the 6-month angiographic follow-up, the
ifference between the proportions of functional RGEA
62%) and SVG (85%) was statistically significant (odds
atio 3.54; 95% confidence interval 1.68 to 7.47). We
ypothesized that the differences were partly explained by
he effects of pre-operative RCA characteristics. The pro-
ortion of functional RGEA grafts was strongly dependent
n the severity of the RCA stenosis (Table 3), only 5% of
he RGEA being functional when the MLD of the RCA
as in the highest quartile (1.40 mm). Conversely, only a
eak association between MLD or percent stenosis and the
unction of SVG was observed, indicating the presence of an
nteraction between either MLD or percent stenosis and the
ype of graft. Figure 2 displays the interaction between
LD and type of graft.
-Month Graft Function According to Approximateuartiles of Angiographic Characteristics f therafted C ronary Vessel
Table 3
6-Month Graft Function According to Approximate
Quartiles of Angiographic Characteristics of the
Grafted Coronary Vessel
Grafted RCA RGEA (90 patients) SVG (82 Patients)
MLD (mm) Functional Grafts, n (Percent of MLD Category)
0 36 (100) 33 (94)
0.01–0.76 7 (88) 7 (78)
0.77–1.40 13 (50) 13 (81)
1.40 1 (5) 17 (77)
% Stenosis Functional Grafts, n (Percent of % Stenosis Category)
100 36 (100) 33 (94)
99–65 11 (92) 7 (88)
64–48 8 (33) 16 (84)
48 2 (11) 14 (70)
ercent stenosis is a 4-level ordered variable, with 0 0% to48%, 1 48% to65%, 2 65%
o100%, and 3 100%. The MLD is a 4-level ordered variable, with 0 0 mm, 1 0.01 to 0.76
m, 2  0.77 to 1.40 mm, 3  1.40 mm MLD. RGEA: MLD: Mantel-Haenszel chi-square (1 df)
52.00, p  .0001. Percent stenosis: Mantel-Haenszel chi-square (1 df)  52.51, p  0.0001.
VG: MLD: Mantel-Haenszel chi-square (1 df)  3.24 p  0.07. Percent stenosis: Mantel-Haenszel
hi-square (1 df)  5.60, p  0.018.
Abbreviations as in Tables 1 and 2.
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January 15, 2008:120–5 Angiographic Predictors of Graft PatencyIn the multiple logistic regression modeling strategy,
nteraction terms were then introduced under the form of
ross-products (MLD  type of graft, and percent stenosis 
ype of graft). The following variables were entered: type of
raft (RGEA vs. SVG), MLD, percent stenosis, and
he 2 interaction terms. Results are shown in Table 4. The
LD, percent stenosis, and both interaction terms were
ignificantly associated with graft function. No association
as observed between graft patency or function and the
egional wall motion of the RCA territory or the run off of
he RCA graft. The strongest association was observed for
Figure 2 Relationship Between Patency Score of the Grafts an
Relationship between patency score of the analyzed grafts (saphenous vein grafts
and percent stenosis (bottom) of the grafted right coronary artery. The box ends a
outliers or extremes, which are defined as 1.5 and 3.0 interquartile ranges from th
redictors of Graft Functiont 6 M nths (Mul iple Logistic Regression)
Table 4 Predictors of Graft Functionat 6 Months (Multiple Logistic Regression)
Variables
Beta
Estimates SE
Wald
Chi-Square p Value
SVG 1.74 2.41 0.52 0.4706
% stenosis 1.57 0.67 5.46 0.0194
SVG  % stenosis 0.77 0.83 0.85 0.3562
MLD 1.90 0.78 5.91 0.0150
SVG  MLD 2.11 0.92 5.21 0.0224
ikelihood ratio chi-square  93.20, 5 df, p  0.0001. Hosmer-Lemeshow goodness-of-fit test:
hi-square  1.56, 6 df, p  0.9553. SVG indicates type of graft; SVG  0 means gastroepiploic
rtery; SVG  1 means saphenous vein graft. Percent stenosis is a 4-level ordered variable,
ith 0  100%, 1  99% to 65%, 2  64% to 48%, 3  47% to 0% stenosis. The MLD is a 4-level
rdered variable, with 0  0 mm, 1  0.01 to 0.76 mm, 2  0.77 to 1.42 mm, 3  1.43 mm
LD. SVG  stenosis and SVG  MLD  interactions of right coronary characteristics with type of
raft.
SE  standard error; other abbreviations as in Table 2.
3he interaction between MLD and type of graft. Separate
ogistic regression models for SVG and RGEA are pre-
ented in Table 5. The MLD and percent stenosis, when
ested together in this model, were not significant predictors
f graft function for the SVG, whereas for RGEA they were
ignificantly associated with the graft function. When test-
ng the significance of MLD or percent stenosis alone in
VG grafts, only percent stenosis was significant (beta
stimate  0.64, SE  0.28, p  0.0250).
ht Coronary Lesion Characteristics
, right gastroepiploic artery grafts [GEA]) and minimum lumen diameter (top)
ey’s hinges; the whiskers are at the largest and smallest values that are not
es.
redictors of Graft Function at 6 Months:eparate L gistic Regression Models for SVG and GEA
Table 5 Predictors of Graft Function at 6 Months:Separate Logistic Regression Models for SVG and GEA
Variables
Beta
Estimates SE
Wald
Chi-Square p Value
SVG*
% stenosis 0.81 0.49 2.72 0.0989
MLD 0.21 0.49 0.18 0.6756
GEA†
% stenosis 1.57 0.67 5.47 0.0194
MLD 1.90 0.78 5.91 0.0150
VG indicates type of graft; SVG 0 means gastroepiploic artery; SVG 1 means saphenous vein
raft. Percent stenosis is a 4-level ordered variable, with 0  100%, 1 99% to 65%, 2 64% to
8%, 3  47% to 0% stenosis. The MLD is a 4-level ordered variable, with 0  0 mm, 1  0.01 to
.76 mm, 2  0.77 to 1.42 mm, 3  1.43 mm MLD. *Likelihood ratio chi-square  5.98, 2 df,
 0.05; Hosmer-Lemeshow goodness-of-fit test: chi-square 1.78, 4 df, p 0.776. †Likelihood
atio chi-square  75.07, 2 df, p  0.0001; Hosmer-Lemeshow goodness-of-fit test: chi-square d Rig
[SVG]
re Tuk
e hing.40, 4 df, p  0.49.
GEA  gastroepiploic artery; other abbreviations as in Tables 2 and 4.
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Angiographic Predictors of Graft Patency January 15, 2008:120–5When the population was divided in 4 equivalent groups
n the basis of the severity of the RCA stenosis assessed by
LD and by percent stenosis, the mean patency score of
GEA decreases abruptly in the approximate quartiles
orresponding to the less severely obstructive RCA disease.
n contrast, the influence of MLD and of percent stenosis of
he RCA on the patency score of SVG is significantly less
ronounced and completely disappears when MLD is ad-
usted to percent stenosis. The MLD values approximately
.77 to 1.4 mm and percent stenosis approximately 48% to
4% seemed to discriminate between functional and non-
unctional RGEA. In contrast, no threshold values could be
stablished for the SVG, the proportion of functional grafts
emaining70% in the higher MLD approximate quartiles.
iscussion
his study shows that in patients randomly treated with
ither an RGEA or an SVG for a stenosis of the RCA, the
roportion of grafts found occluded on systematic 6-month
ngiographic control is low and independent of the type of
raft conduit; however, the flow pattern is significantly more
ffected by the angiographic characteristics of the grafted
CA for RGEA than for SVG. Consequently, most SVG
ut only a minority of RGEA remained functional when the
LD of the RCA was larger than a threshold value close to
.0 mm.
Previous angiographic follow-up studies of RGEA have
uggested that the graft patency might be affected by the
tenosis of the recipient RCA, most likely as a result of
ompetitive flow (3,15,16). The evaluation of stenosis se-
erity was based on visual interpretation of post-operative
oronary angiogram at the time of angiographic follow-up.
n the present study, the evaluation of RCA stenosis severity
as done on pre-operative angiogram to eliminate the
ossible influence of coronary remodeling secondary to
hanges in native coronary flow pattern after surgery. In
ddition, this evaluation was performed with a validated
uantitative angiographic analysis system in order to elim-
nate subjectivity in the assessment of stenosis severity.
lthough quantitative angiography has been extensively
sed in interventional cardiology for many years for precise
ndications and to appreciate the results of percutaneous
nterventions, little is known about the influence of quan-
itative angiographic parameters of coronary vessels on the
utcome of coronary bypass grafts.
Several factors could contribute to the greater predictive
alue of RCA stenosis severity on the flow pattern of
GEA. Compared with an SVG, which is directly anasto-
osed to the ascending aorta and can be considered as a first
ranch off of the aorta, the pedicled RGEA is the fourth
ranch originating from a visceral system. This more distal
rigin from a complex branching arterial system, together
ith a lumen diameter usually smaller than that of venous
rafts, might contribute to a lower flow capacity of RGEA
ompared with SVG. Intraoperative measurements of pres-
1ure waveforms at the tip of RGEA have shown that mean
iastolic pressure is significantly lower than that in the
scending aorta or at the tip of a mammary artery graft (17).
n addition, the gastroepiploic artery is prone to vasocon-
triction and might become more resistive in responses to
arious pharmacologic and physiologic stimuli (18). In
ontrast, the range of vasomotor response of SVG is smaller
han that of grafted coronary arteries (14). In the presence of
n RCA stenosis of moderate severity, the pressure drop
cross the stenosis might be small, particularly at rest, when
yocardial blood flow demand is minimal. We can hypoth-
size that the perfusion of the distal coronary bed is mainly
rovided by the less resistive conduit, which explains the
uperiority of SVG over RGEA in these conditions.
onclusions
uantitative angiographic analysis of pre-operative angio-
rams provides information likely to influence the choice of
he most adequate graft conduit in patients who are candi-
ates for coronary bypass grafting of the RCA. In the
resent study, an MLD above the third quartile (0.77 to 1.4
m) or a stenosis 55% predicted an unfavorable flow
attern in RGEA but not in SVG at 6-month follow-up. In
hese stenoses of intermediate severity, the SVG should be
referred to the RGEA.
eprint requests and correspondence: Dr. David Glineur, Ser-
ice de Chirurgie Cardiovasculaire et Thoracique, Cliniques Uni-
ersitaires Saint-Luc–U.C.L.90, Avenue Hippocrate 10/6107,
200 Brussels, Belgium. E-mail: david.glineur@clin.ucl.ac.be.
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